Calf thymus alkaline phosphatase. I. Properties of the membrane-bound enzyme.
A membrane fraction from calf thymocytes was used to investigate molecular and catalytic properties of membrane-bound alkaline phosphatase (ortho-phosphoric-monoester phosphohydrolase EC 3.1.3.1). The principal findings were: 1. Solubilization of membranes with the non-ionic detergent Triton X-100 increases alkaline phosphatase activity by 30-40%. The enzyme activity elutes in a single peak (Stokes' radius = 7.7 nm) after chromatography in Sepharose 6B in the presence of Triton X-100. The activity also sediments as a single component of approx. 6.4 S during centrifugation in sucrose gradients containing Triton X-100. 2. Ion-exchange chromatography and isoelectric focusing in the presence of Triton X-100 indicate substantial charge heterogeneity. Two overlapping bands, a peak at pH 5.92 with a pronounced shoulder at pH 5.29, are apparent by isoelectric focusing. 3. The pH optimum for hydrolysis of p-nitrophenylphosphate (pNPhP) by the undissolved enzyme(s) is 9.57. Half-maximal activity occurs at pH 8.65 and ph 10.45. Triton X-100 has no effect on the pH profile. 4. Catalytic activity is affected by amines, especially analogues of ethanolamine. Diethanolamine exerts a unique stimulatory effect, but does not change the pH dependency. Increasing the concentration of diethanolamine from 0 to 1 M causes a 6-fold increase in Km and a 10-fold increase in the rate of hydrolysis of pNPhP. Glycine is inhibitory. 5. EDTA causes an irreversible loss of activity with t1/2 (1 mM EDTA, pH 8.2, 23 degrees C) = 3.5 h. Optimal activity is achieved in 0.1--1.0 mM Mg2+, although this does not cause the degree of activation reported to occur with the purified enzymes. Other divalent ions are inhibitory. Concentrations required to reduce activity to 50% of control are: Zn2+, 4.0 muM (no added Mg2+) and 30 muM (in the presence of 1 mM Mg2+); Mn2+, 0.25 mM (+/- Mg2+); Ca2+, 20 mM (+/- Mg2+). 6. Monovalent cations have little effect on activity. In the absence of added Mg2+, 50--150 mM Na+ is partially inhibitory, but markedly less so in the presence of 1 mM Mg2+. K+ has no significant effect. 7. Of the substrates tested, pNPhP (Km = 44 muM) was most rapidly hydrolyzed. Other substrates (rate relative to pNPhP) were alpha-naphthylphosphate (0.79), 2'-AMP (0.80), 5'-AMP (0.70), 3'-AMP (0.63), alpha-glycerophosphate (0.47) and glucose 6-phosphate (0.35). Phosphodiesterase activity was less than or equal to 10% of the phosphomonoesterase activity (for pNPhP) as evidenced by the lack of hydrolysis of bis(p-nitrophenyl)-phosphate and cyclic 3',5'-AMP. The ability of these substances to inhibit hydrolysis of pNPhP reflected their capacity as substrates, i.e. the most inhibitory were the most rapidly hydrolyzed.